The evaluation of the microbiological and sensory quality of 30 assortments of market milk was the objective of the presented research. The study also compared the sensory profi le of selected samples of milk differing in preservation method. Microbiological tests included determination of the presence and number of Enterobacteriaceae and the total number of microorganisms. Sensory characteristics of all the milk samples was performed by scaling method (5-points scale). Selected samples of milk were additionally assessed by means of profi le method. Microbiological tests showed satisfactory microbiological purity of milk, which indicates the effectiveness of the heat treatment and the lack of secondary contamination. Regardless of the preservation method, all the evaluated milk samples were characterised by a high sensory quality (4.25-5 points). There were no changes in smell and taste, resulting from the development of undesirable microfl ora. The tested samples of milk differing in the preservation method (sterilisation, pasteurisation at high temperature and subjected to microfi ltration and low pasteurisation) varied in the sensory profi le. Milk pasteurised at high temperature was characterised by the most harmonised overall quality.
INTRODUCTION
Milk is a product that plays an important role in a human diet, owing to high nutrient density and high concentration of the majority of nutrients in relation to the amount of supplied energy [Zmarlicki, 2009; Ebringer et al., 2008] . However, at the same time, milk is an excellent substrate for microorganisms. The development of unwanted microfl ora reduces the nutritional value of the product, adversely affects the sensory quality by contributing changes in taste, aroma and texture. The presence of pathogenic microfl ora is particularly detrimental from the human health point of view [Gandy et al., 2008; Hettinga et al., 2008; Hayes et al., 2002] .
In order to ensure the safety of this product pasteurisation or sterilisation of milk are used as the main preservation methods. Due to the long shelf-life and ease of storage, UHT milk is very popular with consumers. However, the sterilisation process contributes to the loss of valuable, from the nutritional point of view, labile milk components, it has a negative impact on sensory properties of milk as well [Sakkas et al., 2014; Rysstad & Kolstad, 2006 ]. An increasingly wider group of consumers expects milk to be similar in taste to pasteurised milk but with a longer shelf life. The need for extending the shelf life of pasteurised milk, without the negative fl avour change normally associated with UHT, resulted in development of ESL (Extended Shelf Life) milk. Various combina-* Corresponding Author: E-mail: anna_piotrowska@sggw.pl (A. Piotrowska) tions of preservation processes can be used in the production of ESL milk. The physical methods (e.g. microfi ltration) are most frequently used to remove bacterial cells and spores before pasteurisation. A low number of microorganisms in the milk after microfi ltration allows using the milder temperature and time conditions in heat preservation process to destroy any remaining microfl ora with keeping better nutritional value and sensory quality of milk [Sakkas et al., 2014; Świderski, 2010; Rysstad & Kolstad, 2006] . High microbiological quality of consumed milk is determined by good hygiene practices at each stage of its production. An important role is played by the technical equipment of households and buying raw material organisation, which determine the microbiological quality of raw milk entering the dairy plant. The standard of hygiene and service facilities in the plant, temperature and thermal processing conditions are important, as well as protection against secondary contamination of the product after the heat process [Smigic et al., 2012] . In the case of pasteurised and ESL milk, it is also important to ensure the proper transport conditions and storage temperature of the fi nished product. According to the literature, for every 2-3°C increase in storage temperature, the shelf life of pasteurised milk is reduced by half [Gandy et al., 2008; Rysstad & Kolstad, 2006] . Meanwhile experimental data have shown that in more than a half of the places where the milk is stored (refrigerated counters in commercial domestic refrigerators), the temperature exceeded the recommended level, the differences reached even 14°C [Jakubczyk & Bogdańska-Zaręba, 2009 ]. Rysstad & Kolstad found that as soon as pasteurised milk left the dairy plant, its tempera-ture increased during transport to the retail store. In the supermarket, during the day, when doors to the chiller cabinets were frequently opened, the temperature exceeded 10°C [Rysstad & Kolstad, 2006] .
In view of the diversity of factors infl uencing the quality of the milk, control processes are of the almost importance to ensure its microbiological purity, that determines safety, high nutritional value and proper sensory quality. They should be carried out at every stage -applied to raw milk entering the dairies, milk leaving the processing plant and to the products on the market.
The aim of the study was to assess the microbiological purity and sensory quality of selected assortments of market milk. The paper also compares sensory profi les of milk differing in the preservation method.
MATERIAL AND METHODS
The study material consisted of 30 assortments of market milk including 4 subjected to microfi ltration and low pasteurisation, 6 pasteurised at high temperature and 20 preserved by UHT method. Until the evaluation, samples were stored in conditions consistent with manufacturers' instructions. Microbiological and sensory quality assessment was carried out at the end of shelf life. Selected milk samples were also subjected to sensory evaluation directly after delivery to the laboratory using the profi ling method.
The studied milk samples were determined for: total bacteria count (TBC) at 30°C according to Polish Standard PN-EN Quantitative Descriptive Analysis method (QDA) was used to determine the detailed sensory characteristics of 6 selected market milk samples with the same fat content, differing in the preservation method. The study was conducted on the basis of 18 well-defi ned attributes, using the analytical procedure described in the Polish Standard PN-EN ISO 13299:2010. Each sample was analysed in two independent replications, the base of the average results was 20 individual ratings (10 panellists x 2 sessions).
The sensory characteristics of the samples was performed by a trained and experienced panel qualifi ed as experts according to the Polish Standard PN-EN ISO 8586:2014-03. The assessments were performed at the Laboratory of Sensory Analysis at the Faculty of Human Nutrition and Consumer Sciences, Warsaw University of Life Sciences, which met all the requirements specifi ed in the standard PN-EN Explanatory notes: UHT -sterilised milk; HP -milk pasteurised at high temperature; MFLP -milk subjected to microfi ltration and low pasteurisation.
ISO 8589:2010. The computerised support system for sensory analysis ANALSENS NT was used for planning session ratings by the QDA method, generating random numbers for coding samples, recording individual results and their preliminary processing. Individual milk samples in the amount of ~ 30 mL were placed in the previously prepared and encoded plastic beakers (100 mL) and covered with lids. Non-carbonated mineral water was used as a taste neutraliser between samples. Sets of samples for the individual panellists were coded individually and presented in random order. Prior to sensory evaluation, the samples had been conditioned to room temperature in order to balance the aroma in the samples headspace.
The signifi cance of differences in attributes intensity among milk samples assessed by the QDA method was verifi ed using multivariate analysis of variance ANOVA and the criterion of the least signifi cant difference NIR (p0.05). Principal Component Analysis was applied for the assessment of similarities and differences of sensory profi ling characteristics in the evaluated samples.
RESULTS AND DISCUSSION
The results of microbiological tests (Table 1) indicate that Enterobacteriaceae was not found in any of evaluated milk samples (<1 CFU/ mL), which proves the high hygienic quality of the tested milk and the effectiveness of the heat process. , the control of Enterobacteriaceae in pasteurised milk samples is obligatory and the contents should not exceed 10 CFU/ mL. Enterobacteriaceae bacteria are considered as indicators of hygienic quality of food products. Determination of their level enables the assessment of the correctness of procedures and hygiene throughout the production process, including the assessment of the effectiveness of the pasteurisation process. Pasteurisation destroys the Enterobacteriaceae bacteria, thus their presence indicates non-compliance with the required parameters of the heat treatment process or the secondary contamination after the heat treatment. Studies show that the presence of Enterobacteriaceae in excess of allowable limits is usually also accompanied by a signifi cant number of other undesirable microorganisms and consequently sensory quality of products is reduced [Molska, 2007; Tortorello, 2003] .
In all UHT and pasteurised at high temperature milk samples, the total bacteria count was lower than 1 CFU/mL. In the group of microfi ltered and pasteurised at low temperature milk, the TBC ranged from 6.8 × 10 CFU/ mL to 3.0 × 10 4 CFU/mL. In a study conducted by Molska & Pałubińska [2006] , concerning the microbiological quality of high-pasteurised market milk samples it was found that the tested milk has retained the microbiological quality throughout the storage period. Development of the microfl ora was observed during milk storage, but the total bacteria count did not exceed 10 5 × CFU in 1 mL in any sample [Molska & Pałubińska, 2006] . In this study, the TBC in high-pasteurised milk at the end of shelf life was very low (below 1 CFU in 1 mL), which proves high quality of raw milk, effectiveness of the pasteurisation process and lack of secondary contamination.
The evaluation of the sensory quality performed within this study showed no change in appearance, consistency, odour and taste as a result of the lack of undesirable micro- Explanatory notes: UHT -sterilised milk; HP -milk pasteurised at high temperature; MFLP -milk subjected to microfi ltration and low pasteurisation.
fl ora development. Irrespective of the preservation method and fat content, the scores given for certain attributes were not lower than 4 ( Table 2 ). The samples were characterised by adequate appearance without quality defects. Their colour was evaluated as typical, white with a slightly cream shade and intensity with little difference among all analysed samples. Milk aroma was typical, sweet and creamy. Odours that negatively affect the sensory quality of products e.g. unclean, cowshed and sour, were not perceived. The consistency of the tested milk was also highly rated -all samples were perceived as fl uid and smooth. As far as milk taste is concerned, milky note, accompanied by sweet and fatty taste dominated. Adverse fl avours, characteristic for undesirable changes in quality, were not detected.
Sensory quality is an important indicator of the overall quality and health safety of milk. One of the factors that reduces the risk of food poisoning due to the presence of Bacillus cereus in milk is the fact that the intensive development of this microfl ora causes changes in the sensory characteristics, disqualifying the product for consumption [Jakubczyk, 2004 ]. Most of psychrotrophic bacteria produce heat--resistant extracellular enzymes, such as lipases and proteases, which remain in the milk even after the destruction of bacterial cells as a result of heat treatment, causing adverse effects. These enzymes, particularly proteases, are characterised by high heat resistance, they survive pasteurisation temperature and even partially sterilisation [Skrzypek et al., 2002; Valero et al., 2001 ].
Sensory quality of milk depends on many factors including microbiological and chemical contamination, artifi cial or natural light exposure, storage temperature as well as cows feed. The fl avour of high-quality milk has been described as bland, pleasantly sweet and free of defects. Due to milk naturally mild fl avour, the development of any off-fl avours is particularly noticeable in the product. Microbiological contamination has a major infl uence on milk quality [ Explanatory notes: UHT -sterilised milk; HP -milk pasteurised at high temperature; MFLP -milk subjected to microfi ltration and low pasteurisation. In studies of low pasteurised milk, conducted in 2008 as part of the "National Evaluation of Milk", it was found that after 5 days of storage 13% of the analysed milk samples showed defects of taste and odour, whereas in the last day of storage defects occurred in 38% of the samples. Low sensory quality was associated with the perceptibility of cowshed, bitter, forage and unclean taste and smell. In some milk samples changes were also found in the appearance. The results of these studies indicate that stability of low-pasteurised milk does not always correspond with the shelf life declared by the manufacturers [Jakubczyk & Bogdańska-Zaręba, 2009 ].
The results of microbiological tests and sensory evaluation obtained in the present study indicate the high quality of market milk. According to literature, the continuous improvement of the microbiological quality of milk is observed recently in Poland. This is due to a whole range of undertaken activities such as increasing requirements for the raw milk bought by dairy plants (according to the requirements of the European Union), increasing hygienic standards in dairy plants, and using new packaging materials for milk. The introduction of the HACCP principles in dairy plants and improvement of the system are also important [Molska & Pałubińska, 2006; Ziarno et al., 2006] . Smigic et al. [2009] reported on the improvement in the microbiological quality of pasteurised milk eight months after HACCP implementation in a dairy plant in Serbia. The total plate count decreased from 3.11±0.30 to 2.18±0.54 log CFU/mL. These changes resulted from additional investments covering pasteurisation unit, automated cleaning and disinfection system [Smigic et al., 2009] .
Literature data indicates that heat treatment affects the sensory quality of milk. Milk subjected to the UHT process has lower sensory quality and poorer fl avouring profi le with noticeable cooking note when compared to pasteurised products. For consumers, fl avour is one of the most signifi cant quality attributes owing to the overall acceptability of a food product. some consumers fi nd the fl avour of UHT milk to be undesirable [Zabbia et al., 2012; Clare et al., 2005] .
In the present work, in order to compare the sensory profi le of market milk preserved at different temperatures, the milk samples with 2% of fat were selected for further evaluation by the profi ling method. Results of this analysis (Figure 1 ) enable assuming that the odour profi le of the tested samples was dominated by the milk odour accompanied by the sweet note smell. Signifi cantly lower intensity of the milk odour was indicated for the milk products which were preserved by microfi ltration and pasteurisation method, while higher intensity was found for milk preserved using high-temperature pasteurisation and UHT method. The tested milk subjected to microfi ltration and low pasteurisation was also characterised by lower intensity of sweet and creamy odour compared to other evaluated milk samples. Signifi cant differences in the intensity of sweet smell were perceived between sample p4 MFLP (signifi cantly lower intensity) and products preserved with the UHT method as well as sample p4 HP. Striking differences in the intensity of creamy odour were observed between all samples of microfi ltrated and pasteurised milk (p3 MFLP and p4 MFLP -signifi cantly lower intensity) and samples of UHT milk (p9 UHT and p10 UHT). The boiled milk aroma was highly perceptible in products subjected to UHT preservation however, the signifi cant difference was observed only Explanatory notes: UHT -sterilised milk; HP -milk pasteurised at high temperature; MFLP -milk subjected to microfi ltration and low pasteurisation. between sample p9 UHT and microfi ltrated and pasteurised milk (p3 MFLP, p4 MFLP). In the examined milk, sour odour intensity was very low and did not differentiate the samples. Moreover, the rancid odour did not occur in the evaluated samples. UHT milk samples were characterised by intense colour, but these differences were not signifi cant in comparison with the other tested samples.
All tested milk samples, irrespective of the preservation method, were characterised by high smoothness, they differed however in terms of thickness perception. The most dense was UHT milk -the signifi cant differences, however, were found between p10 UHT sample and milk preserved by high pasteurisation (p2 HP, p4 HP) and microfi ltered and pasteurised samples (p3 MFLP, p4 MFLP). The taste profi le of evaluated milk, as well as odour profi le, was dominated by the milk fl avour, accompanied by a sweet taste note. Microfi ltered and pasteurised milk had a lower intensity of milk fl avour. Signifi cant differences in the intensity of this attribute were found between p9 UHT and microfi ltrated and pasteurised milk (p3 MFLP, p4 MFLP). The intensity of sweet taste was slightly higher in samples of UHT milk but these differences were not statistically signifi cant. The intensity of the boiled milk's taste was similar in all evaluated milk samples. Like in the case of odour profi le, the intensity of sour taste was rather low and did not differentiate the samples in taste profi le. There was no presence of bitter and rancid taste -attributes that may adversely affect the sensory quality of the evaluated products.
The overall quality of evaluated milk was rated relatively high -in the range of 6.7 -7.23 points. Samples of milk pasteurised at high temperature got the highest scores of the overall quality. Especially, the overall quality of p4 HP sample was signifi cantly higher compared to milk samples microfi ltered and pasteurised (p3 MFLP, p4 MFLP) and one of the UHT milk (p10 UHT). There was no difference in the overall quality between UHT milk and products preserved through microfi ltration and low pasteurisation. Figure 2 shows a map of the PCA of similarities and differences in the sensory profi le of tested milk samples. The space on the map was determined by the fi rst two components, which explains more than 88% of the variability of the tested products. The overall quality was positively correlated with the milk and sweet odour and taste. Three clusters created by the samples on the PCA map can be observed, which indicates signifi cant similarity between products included to the same cluster. Each of the cluster includes milk samples subjected to the same heat treatment method. Samples of milk pasteurised at high temperature were located close to the overall quality vector and attributes positively correlated with it. UHT milk was located near vectors of cream and boiled milk odour and thickness, which refl ects the relatively high intensity of these sensory attributes in the general profi le of that milk in relation to the other tested samples. The milk samples pasteurised by low pasteurisation and microfi ltration were located on the opposite side of the scheme, the lack of vector in the vicinity of the evaluated parameters may be noticed. This is due to the fact that in their aroma--taste profi le the intensity of evaluated parameters was lower or very close to the other evaluated samples.
The infl uence of heating on milk sensory quality is supported by scientifi c research. UHT processing leads to the formation of cooked fl avour in milk. Development of this fl avour is associated with the presence of a variety of sulfur-containing compounds including inter alia hydrogen sulfi de, dimethyl sulfi de, dimethyl disulfi de and dimethyl trisulfi de (all of which have extremely low detection thresholds). The higher heat severity of UHT processing compared to pasteurisation causes a marked difference in the quantitative and qualitative composition of volatile sulfur compounds (VSCs) between UHT and pasteurised milk. A major reason for this is much greater extent of β-lactoglobulin denaturation in UHT milk. Pasteurised milk contains also several VSCs, but most of them are at sub-fl avour threshold concentrations so they do not contribute to the fl avour of pasteurised milk The reactions of VSCs formation in milk depend not only on processing temperature but also on the milk's matrix, especially fat content. The cooked fl avour is more intensive in whole milk than in skinned milk, subjected to the same heat treatment. Milk fat globule membrane protein plays a significant role in VSCs development, so the concentration of VSCs in whole UHT milk is higher than in skimmed milk. Generally, as the fat percentage increases, the concentration of VSCs increases and the cooked fl avour is intense According to literature data, cooked fl avour is the most intensive directly after thermal processing and gradually disappears during storage, which corresponds to the decreased concentration of the VSCs. Cooked fl avour is replaced by an off-fl avour note characterised as stale. This is associated with the formation of methyl ketones via the thermal decarboxylation of β-keto acids as well as the initiation of lipid oxidation in the milk leading to an increase in the formation of aliphatic aldehydes during storage [Zabbia et 
CONCLUSIONS
Microbiological quality of evaluated milk samples at the end of the storage period showed satisfactory microbiological purity, which proves the effectiveness of the heat treatment and absence of recontamination, as well as high-quality of raw material. All tested milk samples were characterised by high sensory quality at the end of the storage period. There were no changes in fl avour and texture, indicating the development of undesirable microfl ora. The sensory profi le of tested milk varied among samples preserved with different methods (sterilisation, pasteurisation at high temperature, microfi ltration and low pasteurisation). The most harmonised overall quality was observed for milk samples preserved by high pasteurisation.
